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?;jab Etﬁthe body. When the bott“*

”°“W&mer ‘a8 may ocour in allgnting on. rough Water andfm;et,,

wave head-on, the last-named resistance becomesfso,greax;thax,f: o
the first two can be neglected. Froude's and Reynold§t~laWé*

of similarity may therefore be disregarded as applied to the
impacts actually considered in this connection. The foliowing
considerations prove that Newton's law of similarity does not o

fully apply to all cases.

2. As shown by F. Seewald, the magnitude of the impact is
affected by the elasticity of the airplane, as well as by the

usual factors of currenﬁ methods of calculation, such as . tne f

: rcughness of the water, the welght of the seaplane, the 1andingf

 speed and the size and shape of the float bottom.. Wlth’&

th

iy

 fbottom and aoqumed oompr9581billty of the water,
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'1§haiyfhe‘impaCtﬂaccéie&aticn;decté39éé £§6m?ﬁ: o
1Thisffébt,“whi¢h iS“takenféare-of, inf£he5loaﬁiﬁg;cW
the D.V.L., by a higher'léad faCtor‘of the~fldaﬁ, ff]
plained only by the effect of elasticity. Thefprééééé«_”;,,
involves elastic forces in addition to inertia fdrces;ﬁ Héh0
Cauchy’s law of similarity is applicaﬁie in this case. I states

thaﬁ two phenomena are dynamically gimilar only when Cauchy's

number Q = vv/k)/E has the same value in hoth casess The fact
that Cauchy's number contains the velocity kv, leads directly
to the surmise that the landing impact does not, or not in all
cases, depend on the square of the landing speed, as would fol-
low from NeWton‘s 1éw of similarity without modification. It
should also be investigated as to whether, conSidering the ef-
fect of elasticity and the short duration of the impact, the

latter is also affected by the damping action of the material.

3. The area of the float bottom coming simultaneously into
contact with the surface of the water has a decisive effect on
the magnitude of the landing impact. The size of this area de-
~ pends on the region in which the water surface and float«bottqm

ﬂllﬁéljwhen coming into contact with each oth
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the length of the unobstructed wind path and the depth of the
sea. In most cases a seaway consists of several superposed sea-
ways. Such diagrammatic representations, as are successfully
used for strength calcﬁlation in shipbuilding practice, hold good
only in a very few cases but enable a mathepatical estimation

of the various factors, a comparison between the dif ferent mod-
~els and, an improﬁement in the load conditions, when supplement-
ed by experimentally determimed values. Hence, the following
calculations apply to the so-ealled "established" seaway - a sea-
ﬁay which, according to numerous observationé,* is constant

when there is a long enough unobstructed wind path, sufficient
depth of water, and a steady wind of constant direction and
force. The adopted wave shape is trochoidal.

Similar simplifications and assumptions should be made on
the manner of landing. It would then be possible to work out
landing cases for specific seaways and to calculate the landing
impact by the method set forth below, using the bottom contact
areas obtained from the drawing. The general conditions and the
extent to which the pilot can be expected to avoid very rough
- landings are chiefly matters of opinion and depénd moreover on
the aerodynamic properties of the aircraft. Also, the seaworth-
iness requirements vary in the different cases according to the
structural problems to be solved. Therefore, the methods of
caloulation presented below- should be applied with discrimination
. _the di

*Zlmmerman,‘Von‘K‘bpen dnd‘Léas. Sec also Johow Foerster, "Hilfs-
buch f.d. Schiffbau," 5th edition, Vol. I, pp. 418 and 430.
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Among the different possibilitles of alighting on rough
water the maximum landing impact whichva seaplane should be
capable of Withéténding is produced in the following case: The
seaplane strikes the water flatly with the straight portion of
the bottom. This may happen When, in attempting to land with
the tail down, the seaplane meets an oncoming wave, or in start-
ing, takes off prematurely and falls back on the water. The
alighting mdment is shown diagrammatically in Figure 1. Seaway
3 with a wave length of 11 m (38 ft.) and a wave depth of 1 m
(3.38 ft.) is roughly represented in the figure. The wave is
represented as usual by a trochoid. The wind speed correspond-
ing to the seaway is approximately 3 m/s (9.8 ft./sec.). Let
C, Dbe the seaplane speed with respéct to the water. It consists
of the corresponding components of the speed above ground com-
bined with the velocity of the water., In general c, can be
replaced by the corresponding component of the landing speed nor-
mal to the keel at the maximum angle of attack. Inasmuch as the
seaplane is usually brought down against the wind, the reduction
in the landing speed caused by the head wind is balanced by the

opposite motion of the water. Of course, the actual values may

be used in any partiocular case.
The Accelerated Water Mass

4. As already mentioned above, all the other forces are

assumed to be small in'oomparison with that of the impact of the
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float bottom on the water, According to Lamb* the following
formulas are then obtained under the sole action of the impulsive
pressures of the float bottom in a two-dimensional solution,

when the motion is started from the position of rest

- _13®&
u 5 5%
Po Y

in which & is the impulsive pressure.
By means of the equation of continuity, we then obtain
ax®  ay® ’
provided p is constant which, on account of the slight compress-
ibility of water, seems admissible even for very large impact
forcesf We shall now consider the marginal conditions for a
plate of infinite length and width b 1ying on the water.

If the impulsive pressure of the above equations is replaced
by &= p @, in which 9@ is the veloclty potential, and it is
considered that no impulsive pressures are exerted on the open
water surface, i.e., ® = 0 and & = O, the same marginal con-
ditions prevail as for the blate of infinite length on an infi-
nite liquid surface. The following formula is then obtained for
the plate velocity at the end of the impact period, provided the

one-sidedness of the process is taken into consideration.

*Lamb-Friedl, "Lehrbuch der Hydrodynemik," paragraph 12.
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8 J
u = %
pmm b A a

This applies to a plate element of width b and length As

when J = P At . Hence the mass of water to be accelerated is

MW=D-‘g~baAAa. ! (1)

The distribution of the impact pressures over b is elliptical.
It is assumed that the plate is absolutely rigid. In practice

the flow and the pressure distribution are subject to variation.

5. The assumption of an infinite length does not apply to
the actual float bottom. In fact, the length of the bottom
portion which strikes the Wafer is of the same order of magni-
tude as the width. Since, on the assumption of an infinite
plate length, the bottom width goes into the second power, while
it has a smaller power in the case of a finite bottom length,
the latter must be taken into consideration, in order to avoid
wrong conclusions regarding the effect of the width of the hull
on the impact. In this case the bottom portion concerned can
also be considered as a plate in an infinite liquid, the oné~
sidedness of the process being taken into consideration. The
water mass accelerated by such plates of a finite chine ratio
was determined experimentally by means of small vibrations. When
a body vibrates in a nonviscous, inoompressibie, infinite fluid

‘xat rest, the mass of the body is increased by the flow whioh de-
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velops dnrlng the motion (Stokes*,.&reen**) fh‘éﬁfi
viscous fluid thls flow is a pet@ntial flow. In v1sc,  , 

the potential flow can be maintained with a good approximatlan;’%'
provided the body makes very short and quick v1bratlons.***1 "
Under the above assumptions of dlsregarded friction and wave -
formatioﬁ, this fact permits of easily determining the acceler-
ated water mass as already suggested by thtinger for other pur;
poses but, so far as I know, never put imto practice.

Figure 3 shows the test installation. Plate 1, stiffened
by a longitudinal rib, is secured to a duralumin tube &, which
connected with two steel Sprlngs 3 and 4, can vibrate along
its longitudinal axis. This system, which is capable of vibrat-
ing, is deflected approximately 0.2 mm (0.008 in.) and then sud-

'aenly released by severing a wire. The resulting'damped vibra—
tion was piotted by means of a scratch recording device 5, %%%%

| directly and without lever transmission, with a diamond on a
glass plate moved laterally by the electric motor 6. The re-
sulting diagram was estimated under a microscope using the simul-
taneously recorded time marks. This estimation, made on the asQ

f;sumptlen of proportlonal damplng, showed thax the 1nf1uena$;of‘ ‘ 

afon the period of V1brat10n Was negligiﬂ
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 Figure‘5 is a microphotograph of such a»vibratiaﬁ;gn“;

responding time marks. Before the‘tesﬁs;‘théVSprihg Gbﬂéﬁwﬂu ,
was determined by loading the device With known weights and Te-

cording the resulting deflection (Table I).

TABLE I. Determination of Spring Constant

Load Distance from K =P . Mean X.
No. base line f value

1/100 mm kg/cm kg/om

14.3 175.0 ﬂ
17.0 176.5
20.0 175,0
23.0 174.0
25.5 176.5
28.0 178.5 ~176.0
31.0 177.5
34,0 176.2
37.0 175.9
40.0 175.0
42.5 176.5

63
s

« ® e ¢
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10
11
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® ® e & & e @

-

The mass of the instrument was then determined by causing it to
vibrate in air. A comparison of the mass determined by vibra-
tion with that obtained by weighing showed that the steel

springs perticipated in the vibrating mass of the device to an

extent of 35.8% of their total mass. The vibration of the plates
(the dimensions and weights of which are given in Table II)

against water was then tested by placing the device over the

 water—filled tank shown in the background of Figure 3. The water

*S@rfaéé,WaS‘approzimately 45 cm (18 in.) above thelplafé and did




. t0 dVOld namural V1brations of the plate.;

fjrounded off elllptlcally.; The regults are glven 1n i

PABLE II. Dimensions and Weights of Piaxes

Plate a b ab G
No. mm mm - g
1 100 100 1 823
2 300 | 100 2 247
3 300 100 3 543
, 4 400 100 4 460
A1l moved parts without plates and springs G = 170 g
Weight of springs : : G = 430 g
TABLE III. Results |
Total Mass of Mass of o
Plate T nass device  water ‘MWGE>
No. 8 M My, My o
Lo §_Se -—%;Sz —%—S"a
| om cm cm  cm
1 against air  0.0096 - s - L
1 " water 0.01391 0.863 0.410 0.453
8 o 8 0.,01990 1.753 0.578 1,174
3 1.9588

" -t 0,08433 2.632 0,677

2. 794




E‘or ve:cy small va,lues the ocurve approa,c ;

”“:f:f'p 3 & b, Approxima’cely within the range “‘6 = 1 - 2 , _co!
cerns the presen’c problem, a material reductlon of the aooelen—
ated water mass is achieved by taking the finite edge ra‘blo into
consideration.

Impact of a Flat-Bottomed Seagplane

6. The whole seaplane-flouat system is based on F:Lgu:re 5.  « 
Let the mass M, of the seaplane be concen‘crated in one po:umz
and a spring exerting a force P = kf assumed to have no ma,ss,wif
be fitted between the float bottom also, assumed to be without
mass. A certainm water mass M, is accelerated when the flat

float bottom strikes the water.

Mass of seaplane z M,y

. Mi&ss of accelerated water M,




am ,?,;k 2
a” x, . d Xs a f

a t° d %28 R

@ £
._ﬁ + kf (}—-H}—\-~ vg = 0,
oMk ri \’Ml Mz/

The solution is

f=Asin 1t Boos wt+ 38
where
- M, 4+ M k
2 e Dl
ek w0
for
f =
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Henece )
d f_ d x, d X, 4
it 4t 4t =~
whence '
ca'
A;‘:—G)—-

The solution therefore reads

v g
cos w t + -{B-a"'

Ylog

c D
P - .
.1.~mSinwt @

it

5 1 . ‘v.g
Asin (0t -~ B)-+.E§_,

where N
1 Y Vg
A== V//<—§g> + Ca2 + ©F

and

..................

for the maximum impact force

szfmax=A+£zg=«/(UgH)e+Caz kp+vgu o (4)

where

This formula is quite general and therefore applicable to
landplanes as well, provided the mass of the wheel is disregard-
eds In this case M, = » and the expression becomes {4 = M,.
When ¢35 =0 and v =1, then P =23 G, which corresponds to
‘Poncelet's theorem of mechanics. For a seaplane M, is usually
only a fraction of the,mass.

The water mass obtained by approximate calculation for the
‘HE 5 Heinkel monoplane corresponds to the straight portion of

the flat bottom and is 230% of the magss of the'seaplane. Thus
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M + M
ywith the expr8831on Oa2 kW, esp601ally when 1t is

, the expr6531on in the formula 1s sma11 

 that;the spring conatant k of seaplanes is veryflargeiahdfth

the 1ifting forces have not, in most cases, become zero, go 1
v «l. We can therefore neglect the expression v g u Iand£d%;ff7s$

......

taln, for the landing impact,
M, M,
Ppax = Ca A//r;iml " Jr.to#. = Cqy /k M, 9,
where /W M,
¢ = / TV and W b (5)

On the prellmlnary aasumptlon that the impact is propor—

tional to. = (V/L)® where 1 is an arbitrary length of one

and L the corresponding length of another larger and geomet-
3

rically similar float, the stress o = L-t= Koo 1 ig there-

fore independent of the increase in length, a condition which
ghould be requiréd. For the same material and modulus of elas-
ticity E, the spring constant k is proportional‘to A

~ Hence, since M 1is proportional to A?{ Broax ~ 2?, as above
temporarlly assunmed.,

The 1mpact is therefore prooortional to the dlmen31on of B

~Seé@1ane PrOVIded geometrical 51m11arity is assumed. Moré;f .

'fiastlc 1mpact represents a v1bratlon of the system




where i is the inertia rddius and

' r the distance of the pefcussion force from the.C,G.

7. The above approximation method is not quite satisfacm

tory, since the seaplane 1tself ig assumed to Dbe rigld Whlle

only the bottom is considered elastic. The same 1oad xactor fori;g

all parts is therefore obtained by calculamion. As a*mgﬁtﬂr;oii-;i

fact, the elasticify is distributed over the whole mass sYSﬁem; ~
5o that the seaplane portions nearest to the point of applica-
(f]ftlon of the impact forces, such as the floaxs muét*@ithﬁﬁahﬂf]5' 

Wter 1mpa0t forces than more distant parts 3u¢h-@éfﬁ~'
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‘tion is based on the diagram in Figure 6.

 awi£h ﬁhe,¢ngine,;Wingganﬁ'tail surfaces, t

mass U, and a moment of inertia 6, and represen

line AB. The float, likewise assumed %o be rigid, is
mass M, and represented by the line €D, The float aﬁ@ffu$ e;gg;f
' lage axé connected by two @1&%ﬁic membere which @re aSSuﬁed'to=7\
‘have no mass. The spring constants of these members are k, and
ky. Between the float and the water mass there is also insert~
ed an elastic member which represents the float bottom and whiéh
has a spring constant k,. The other notations are given in
Figure 4.

The manner of calculatioﬁ iz derived from Lagrange's equa-

' 'tv iona

in which E 1is the energy of the whole system,
4;, the coordinate of the respective C.G.,
&;, . the first derivative after the time t,

Fy, the external force.

‘Hence




' My x + (ky + ky) £, + (kya~kpb)op=0,
- X - X = Ly - fi5

P, - 9, =9

Ll

“‘Simllarly, for q =9,

o, b+ (ky a- kh b) £, + (ky o +p ) o =0

,, the ; .
£g and for/other masses M, 6, with their coordinates x, an

Qand M ’ with xa.c The follow1ng expressionsif"“

for the present problem




T ie M1 i 4 M,

s
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and
where f,, and f,, are derived from the system

a4 t% WL H R 25
1\

a2 po 1 ‘.
=gt b (B 0

@
1
i
0
n
il
(&

or

2
%{%’%‘2‘_ + (112 fl?’ s aeg fza ot O
2
s

YO T - 0P B 2 0




% Tog. * (MF -0 ) £y

Az;, - 23 ;
d fzg 2 2 d fla
C"agk d_ “b + (>\.1 a’l ) W

)\.g(f??\'lz - >\'22 )

0(22 fgao + ()\13 - 0;12) flzo

B, = ’
(A2 = A2)
where :
d f,, 4 Lo
f1255 fasgr g g ad —g%

 are the values for At = 0.

0 are

it

"*  The initial conditions for +
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~ Hence
4, =0 B, =0
. 2 ak 2
A, = 2 B 2

ity Ke (?\.:5 - )\22) 03‘4.'

For
P =k :c"l,e and P, =k 1L,4

the forces on the hull or float are

2
G‘B

A (02 =A%)

P, = cg k, [ sin A, t -

% in A, t] (10)
- : s1in
Ae (N2 = A2) ©

2 . 2
)\1 @,

Ay “‘12 = A7)

B o=ocg k[ - sin A, t +

A2 - a2

e (N2 = A7)

+ sin A, t] (11)
For a more convenient calculation, let
M = mass of the whole airplane = M, + M,,
M; = mass of'fuselage = TM,
M, = mass of float = sli,
My = mass‘of water = Wi, |
k1 :‘f¢k‘x]e1asti¢ity between M, and’Mé, o
Kg‘=“ek # 81§sticity between M, and M,

= Bk pota1 elasticity vetween M, and M.

f




Forces on the float (mass My)e

¥, g A4 B O, Vo A= B - ON

2BNJAEB i e

9. Vhen it is tbp difficult to caloculat e t‘he;, springco—
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can be easily determined. A mean spring constant

k = %u/ki d F; must be introduced for the elasticity of the
float bottom, whence the mean bottom pressure is obtained. At
the points where the spring constant of the bottom is smaller
than the mean spring constant, the bottom pressure decreases,
while it increases at the points where the constant is greater,

namely, in the neighborhood of the bulkheads.,

10. A numerical example is given in the form of a calcula~
tion for a float seaplane of the Heinkel monoplane type, €.8.,
the HE 5, HE 8, HE 9, etc. The elasticity between the fuse-
lage and float is determined by a vibration test made by H.
Hertel and Leiss of the Static Division of the D. V. L. on an
HE 8 for the determination of wing vibrations.

The float was found to develop vibrations with a frequency
of 350/min., as shown in Figure 7. In the above equations
therefore, we should put ky = «, since the axis of vibration
passed through the rear suspension point of the float. However,
as a first approximation, we shall use the formulas derived from
the simplified assumptions which, strictly speaking, hold good
only for ky = kp and a ="b, or for a single spring located
in the line of gravity of the constant k,.

Let Xk, be the constant of a spring mounted in the line
of gravity g h and producing the’sgmgwtype and frequency of

vibration as that of the observed vibration. For the latter



(M, 13 0. ) — 8 =

- in which the following notation is used.

M,, . mass of fuselage = 275 kg2/m
8,, inertia moment of fuselagé = 825 kgm?
M,, mass of float = 30 kg2/m

8., 1inertia moment of float = 95 kegm?

‘Moreover, b = 0,86 and Db' = 1.33. ¢, and ¢, aTre the
angles of the fuselage and float motion; fy and ky the de-

flection and spring constant of the forward suspension. For

fv = .e (Cpl - Cpg)

1 ' 1
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LoBwnmgg
i 574000 kg/m ~ 4.7 1

under the static load of the weight of the fuselage. Acdéﬁ@iﬁé f€3¢

to a numerical estimate, the spring constant at the bbﬁtom

it

amounts to about k,/F = 1,750,000, For a float water line area

~of approximately 10 m® the mean deflection would be

3000 kg

f = 19500000 xg/m

= 0.175 mm

under the weight of the seaplane.

The landing case represented in Figure 1 is used for the
calculation, Let the airplane speed be V = 90 km/h = 35 m/s,
the line of flight roughly horlzon al and the angle of inclina-
tion correspond to the angle of attack in leveling off (about
12°). Hence, the normal speed component is Cy = 5.3 m/s, the
length of the bottom striking the water is approximately 1.2 m,
according to Figure 1, and the spring constant of the bottom

ks, = 3,500,000 kg/m for a width of b = 0.86 m.

For M = 305 kg2/m M, = 375 kg2/m
. 3
I, = 30 ‘u, =235 (av® -2 = 46 kg*/m
k ~ k
k, = 574000 5% k, = 3500000 =8
k, k
o ar o Ug/ ;

‘(thax is r = 0.9; 8 = 0sl; w= 0,15; c = 1.186; e’= 7.25), 
,the impact on the fuselage is

- B = 17800 sin 94 t - 3830 sin 450 t

Tthe lmpact on the float is



 F.A.C.4. Technical Memoran&um,ﬁo.,seo

: - 36800 sin 450 t + 4820 sin 94 &

| As shown by the calculation, the 1mpact lS %
_phenomeuona For the designing of alrplanes~1t"1sftheﬁgf
portant for the struts which, during the‘first,moméﬁtﬂﬁfﬂﬁﬁaf~:s    
impsct, work in temsion, to be subjected immedistely to a com-
pressive force of nearly the same ma vni tude. Some struts may

also develop vibrations in resonance with the impact and there-

fore collapse premsgturely. The frequencies of the impact are

n, 15/s

il

#

Na 72/s.

11, As wgs to be anticipated from the preliminary state-
ments, the result was confined to the purely elastic impact
with the impact coefficient 1. In practice the iﬁpaot is
damped, chiefly by the internal damping of the material and by
friction in the connections, joints, etc. This damping action
and its effect on the impact must e determined by tests. The
question will be only briefly considered here. According to
Plankf Honda and Konnof*the demping of the material is directly

proportional to the velocity of deformation, so that

fbrmula¢~Weré'substituted for k f in equations

:7”‘~n of the svstem‘for A2 WOuld'givé‘a'
¢ dyn he ugbeansprumhung," Zeit—
1

  w¢a.hematik und




_of undumped vibrations Whlch moxeover dle out‘rat
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.blquad¢atlc eouatlon. Aecordin to the magnltude of 1

~ 006££101ent the amplltudes thus cbtalned are‘Sm

The damplng coefficients must be determined experimental«y;’

is still uncertain whether the linear agreement is actually  ’:
maintained. For plywood this assumption is not even"apprOXimaﬁe~V”
ly correct. For metals the damping effect seems to reach valﬁes
considerably above the proportionality limit, especiaily for
duralumin. This is apparently the reason why the permissible.
load can be greatly exceeded with duralumin bottoms without
causing failure, but merely bulging or other permanent deforma-
tion. The above statement isﬁbased on the assumption that the
permanent strength is not exceeded for the correéponding load~
gshifting coefficient and that the material is not impaired by
corrosion. Owing to the brief duration of the process and to

the damping effect above the limit of proportionality, the break-
ing strength seems to be much greater than could be anticipated
from the calculation based on static tensile tests., Within the
elastic range, which alone is of interest here, the damping

seems to be negligibly small, as shown by a short test made Wlth

~  ;& v1brat1ng duralumin plate and daes not Warrant the tedlcus

ulatlona I$ is therefore suggested as the best apprex;~ateﬂ;:

£ eqtlmating the damping of duralumln floats, to use only

1e o; the greater vmbratlon for the maxxmum;im«




 We can approximately assume instead that, when the maximum de

Vflection of the larger slow vibration is reached, the smller
but quicker vibration has already died out. Similar considéréé -
tions apply to the impact force on a float. In this case thé ‘
deflection of the short slow vibration remaine small when the
maximuﬁ value of the long, fas@ vibration is reached, while, for “
the maximum of the short slow %ibration the long fast,one has,
already largely died out. In this case the maximum vélne’0f~

the undamped vibration of great amplitude can be substituted,

with a fair approximation, for the maximum impact. Hence, the

&

 maximum impact force of the case calculated above iS;:Prﬁgg:%~f"~‘

  «1?8DO,kg; or the load factor e = P/G = 5.9 and By, = o

~ 36800 kg or the bottom pressure
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wing can be calculated with s fair degree of asduraCy,“if th¢ ‘ 
rest of the fuselage and the float are‘gonsidared«és aléiﬁgi§f5 i  
mass M,, 1if a mean elasticity between fuselage and water is
put for Xk, and if the corresponding values of the engine bear- ,T
ers or wing are substituted for U, and k,. Similar calculaﬁions ’
- can be made for flying boats. A subdivision of the fuselage

and wing is particularly advantsgeous for large flying boats,
the weight of whose engines, fuel, etc., is diétributed over

the wings.

13. In dividing a seaplane into two masses, the system of
three combined vibrations mentioned in Section 7, which is rgth-
er difficult to calculate, is obtained for the eccentric impact.
However, the problem seems to be covered sufficiently when the
reduced mase is substituted for the mass M of the seaplane
(equation 6) in the formulas for the step impact. On the sense
of the calculation developed in this connéction, the formula
assumes the elasticity is located.between the water and float

and not distributed according to the above assumptions.

13, The favorable influence of elasticity leads us to at-
tempt a reduction of the impact by installing shock absorbers
"aS‘Qn‘}aﬂding gears, This can be done to a certain extent.
Yét‘tdo soft springs may easily have an effect contrary to the

_one desired. In taking off from a choppy sea and even from

‘fffgﬁtly rippiing water, instabilities may develop under the
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_action of the accelerated mass ofwater“subéée:“ted~

5}perlod varlatlons and ow1ng to the small nat

the SYstem. Such 1nstabilltles, 1ike the rescna‘m   

vibratlons may lead to premature failure. This probab""
counts for the failure of the repeated attempts to equlp float,‘_

gears with shock‘absorbers.
The V-Shaped Bottom

14. Let us also investigate the V-shaped bottom for the
case represented in Figure 1. ‘A_wedge of the length a (Fig.
9), assumed to be without mass, ig connected with the mass M;
by a spring member. This wedge penetrates into thebwater at the
g}%&. A water mass I, , mno longer
constant but a function of the width y, corresponds to the

time 1t with the speed

bottom portion of a width y and a depth x;, immersed at the
time t. The force on the bottom, which is assumed to have no
m mass, now equals the momentum increment of this variable mass
with respect to time
~ P © a (udx
dt/

Praw

As in the case of equation (3), We now have

>
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0o

y=b/3

The impact force on the hull of a flying boat or on the

fuselage cf a float seaplane with a sharp V-bottom is therefore

1 3 12\ %
7P (ab -3

P = tam‘% Gg° , et (17)
(1 + H2)\
v,

when o is the keel angle,
Ca the components of the landing speed normal to the keel,
© the density of the water,

a and b the length and width of the bottom striking the water,
a being smaller than b,

i, the mass of the seaplane,

o i1 >N\

Hp = =P (8 19° - 2N when a > b.
85\ 3

For tVlﬁ»flOat or twin-hull seaplanes we would have

o0 the ass umptlcn of
on an in a
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in which

for a >b.

Since, accordlng to our ausumptlons the shaxp Vwbott s
not affected by elasticity, the development of a 1oad factor &p~; 
plicable to the whole airplane is warranted. The forces on the .
fuselage, as compared with its mass, are therefore smaller»than
the forces on the float bottom.

Acoordihg to the formulas, the impact is infinitely great
for a = 180°, Even with a flat keel, the impact forces are
excessive, 80 that the elasticity must then be taken into ac-
count. The equation can be integrated numerically or graphically.
As a first approximation, we might confine oursélves to deter-
mining the impact of the flat bottom, taking elasticity into
account, and the impact of the sharp V-bottom by the above formu-
las. The impact of the flat-keeled bottom may then be approxi-
mately determined by drawing through the point a = 180° a
tangent to the curve of the sharp V-bottom.

We do not feel justified in expressing the keel of so-calléd

 Waveabinding‘shapes (Fig. 10) by the angle o of Figure 10, as

g*hithexto usu%lly done. In this oase, equation (16) Wculd

e‘to be 1ntegra$ed graphloally or numerically or else the 1m— .

'bottcm would hays to be considered 1nstmad, }(:7 ‘




 N.A.C.A. Technical Memorandwn No. 580 ‘

f;éffﬁhe kee1. It is then k

B= e od GE

for single-float or single~hn11 Seaplahes, ahd‘

p = tan % C2T P

for twin-float seaplanes or twin-hull flying boats. ‘Théfmé%imﬁﬁgf7
stress on the bottom surface, however, is probably produced at .
a mean'bottom pressure exerted over the whole bottom surface.

This bottom pressure can be easily determined by formulas (17)

and (18). | |

18+ The eccentric impact can be calculated with the same
i2
ry~]

formulas if, as above, the reduced mass M' = M- =
- i T

= iSBM%

stituted for M, (page 15).
Summary of the Results

17, Figures 11 and 13 show the results which can be theo-
retically anticipated for Heinkel monoplanes calculated for a
geometrically similar increase of dimensions but variations in

landing speed and bottom angle. Inasmuch as the impact force

k,“for flat or V-shaped bottoms is proportional to a surface,

= ¢,/ G®, can be expressed as a function of the i

mila the coefficient ¢ depends on the sf
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The length of the waves which the seaplaneAcaﬁ withstand
is also increased, since the contact length of the bottom sur-
face is included in the calculation and would also have to be
proportionally increased, in order to preserve the geometrical
similarity.

The load factor calculated for the fuselage of the 3000-
kilogram seaplane in seaway @ was 6 g. It would be wrong, how-
ever, to éonclude that a seaplane calculated with this load fac-
tor cannot resist stronger seaways, since a skilled pilot usu-
ally succeeds in avoiding the case represented in Figure 1 by a
tail landing. Yet seaway 2 seems to be the 1limit at which a
pilot can bring his plane down without special training. Be-
sides, seaways seldom correspond to conditions which can be rep-
resented diagrammatically.  -However, such a representation is
also used in shipbuilding practice for strength calculations

and is necessary in order to obtain a basis for the calculation.
Comparison with the DVL Load Assumptions

18, The load assumptions of the D,V.L. developed from data
supplied by Lewe and the experience of various companies are
based on geometrical similarity. The load assumptions do not
account for the influence of bottom width, mass distribution,
elasticity, etc, Figure 13 shows the influence of the flying

weight on the load factor, according to theory and to the D.V.L.



‘f t1ona1 to the 1.5 power under the D.V.L. Soun assumptlons.;,~

According to these load assumptlons the bottom pressure 1sl J€;

calculated from the 50% greater fuselage loading. In theory
the float has about twice the fuselage loading, provided it 1s |
not carrying additional loads (fuel tanks). The;area~over;whieh:: f

the load is distributed is about the sone in'theory~éﬁd’accérd; ; f

1ng to the load absumptlons. In general, it oan ve said that _Qvfﬁ
the theory is not in fundamental contradiction with the emp1x~ o
“ically developed load assumptions. One advantage of the theory‘?

1 OV€I the load assumptlons lies, however, in the posslblllty of f y;€

chon81derably more aceurate calculaﬁlons and thus hltting the:  "‘

‘f?best compromlse of the dlfferent float factors, especlally as L

ds quick take-off and adequate strength. The theoryfih“‘~'“'
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Figs.2,3

Fig.2
Test
in-
stall-
ation
for the
determi-
nation
of the
accel-
erated
water
ma:ss.

Fig.3
Micro-
photog-
raph of

a record-
ed vibra-
tion with
the respec-
tive time
markings.




Diagram of ecoentric impact of the two-mass

Fig.6
: system.

Fig.7 Vibration test fér the determination of the’
elasticity between fuselage and fleoat,carried
out on a Heinkel HE 8 geaplane.
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Fig.9 D'i;agram for T botton tes’cs

W
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Fig.10 V pottom of wave-binding
shape.
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[Fig 18 Water pressures at e step of tw
‘ of the Heinkel monoplane typo.‘
theoretlcally). The pressures are 1ndepen*\
increases in size of the seaplanes. e
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8 N\ : : Lo
g NAccording to theory
%6 N
S Tl
g : M ,
o Lo ‘ bl
= 5 Accorfing to D.V.L. load assuuptions
o

Zoih g g nh 15
FlYlng’weight in metric tons.

Fig 13 Relation betwesn 1oad factor and flying weight
of slmllar mlICIaft .




